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CHEMICAI COMPnilMng 
Field of the Inv^nti™ 



5 The present invention relates to a novel class of rh omi , 

their preparation, to pharmaceutical comno^i compounds, to processes for 

medicine, particularly use U^^^T and t0 their Use in 

inhibitor is indicated a ™l,orat,on of a cl.n.cal condition for which a Factor Xa 

Background of the lnv 0 n*,„ n 

e F Ce x r n ~ ^rrr^r t- c,ass ° f ~ » - • -» 

calcium ,ons and Phospho,,^^^ * ^ Xa «" Va "» 

15 centra! role in the mechanism of blood Sa«o hi T Thr ° ml * n <" ays a 
protein, flbrinogen, into insoluble fibrin ^ , n »u b ,e «K " 9 ^ P ' aSma 
stabilisation of the primary hemostatic I , m " matri * is re " uired for 

abnormal hemostasia. With .1 . ' V sl 9 nifirant d ^ease states are related to 

thrombus formation due to the ruX re of Z THrZ vasculat "'C abnormal 

20 major cause of acute myocard JwaLl T " a,herosdero «c P'aque is the 

occlusive coronary throm^s ty h on^l Fj?"**' ^ 8 °' h frea,ment - « 
coronary angioplasty (PTcT^^Z^ "T* and P^taneous transluminal 
the affected vessel lichl UreTtrnZT , " " ** ' hr ° mb0,iC reol ° s - * 
vasculature, a high percentage^ ^STjT "* reSPe0, '° Venous 
25 e=dremlties or the abdominal area sr^r r Unde ,^ 0ln9 ma '° r angary In the lower 
vasculature which can resu " In redu j^ IT ' hr ° mbUS f ° rmatton in * a ™nous 
. disposition to puimonar^ emb Z Se^n »ed°T T *" " a " d a P~ 

occurs within both vascular systems *X , * avascular coagulopathy commonly 

cancer and is charac,oris e rby heZid oons 9 uZ Vira ' WeCl '°" s a " d 

30 coagulation which results in the forZon ^eT , ^"'^ **" and «**"*'• 
the vascutature leading to widespread oZ £ ' f e ™ n9 ' hr0mbi occu ™9 ,h ™*°"t 
of Hbrin rich blood clots thrombTn ha?h" ^ ** el r ° le in ,he f °™*>n 

effects on a number of ce„u£ tmponen, wiZ^ *° T ^'"^ bto ^* ta » 
M.A., Ann. NY Acad. Set., 405: 34g^98 6)) vasculature and blood, (shuman, 

A Factor Xa inhibitor mav be uses ii i„ . . 

acute coronary' syndromes (L examl ° f VaS ° U ' ar d,s6asaa a "ch as 

Warcflon and.unstable TjZZT ZT< * of myocardial 
myocardial infarction^ hearth Shi r?* 0 ''* 0 '* ass ° datad *'* 

an tenure), thromboembolism, acute vessel closure associated 



PB60267P 



2 



with thrombolytic therapy and percutaneous transluminal coronary angioplasty transient 
rschemrc attacks, puimonary embolism, deep vein thromboses pLrtphJrcl artena 
occtusion, prevention of vessel iuminal narrowing (restenosis), and »e orevenUon o 
* omboembolic events associated with atria, nbriilatton, e.g. sttL fJLT^Z ° 



s maw oio^ ^ x , . "«i«vm, c .y. biroKe. i-actor Xa inhbtors 

h . ^""'"S thrombosis and complications in patients genetioal* 

a s-iTh ,hr0mb0SiS " VeTOUS ,hr ° mb0sis and P-nt. tha, have ^ 

associated predisposition to thrombosis (e.g. type 2 diabetics). Thrombin haT been 

ZTfJl7Tf e ? T P ~°"' "-..Factor Xa inhibitors Su, 

useful for the treatment of some pulmonary fibrotio diseases. Factor Xa inhibitors could 

.0 also be useful ,„ the treatment of tumour metastasis, by suppressing coagulation andThus 
inhZ " 9 d t P ° Si,i0n ^ i,S c °™*"« W*» of mLtaste A Fa" o Xa 
m ZdTcUron T T " ^ "*™"™ «»«* '"-ugh its inhibition of FX 
aTo have S pr0te i ase - ac,lvate ' 1 r ^P«Ts (PAR 1-4). A Factor Xa inhibitor may 

15 a«LTon Thrcmb " a " ,| - a,hSros<:ter * a 9*«< ^ough the suppression of platelet- 
ac ivat on. Thrombin can induce neurlte retraction and thus Factor Xa inhibitors may have 

Fade Xa mh bitors may also have utility as anticoagulant agents in connection with the 
preparation, storage, fractionation or use of whole blood. They have also been rCrted 

20 rmo^'geT" ^ "» ~° - - " a '~o, 



Description nf fh» ir» mntifn 

The present invention provides compounds of formula (I): 




25 

wherein: 



(I) 



c .. 
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R 1 represents a group selected from: 





-(C M )alfc 




^ 7/ 




(C 2 ,)alk- 




each ring of which optionally contains a further heteroatom N 
Z represents an optional substituent halogen 
alk represents alkylene or alkenylene, 
5 T represents S, O or NH; 



^ represents hydrogen, -C^alkyl, -C 1 . 3 alkylCONR a R'> 
4 alkyl or -C^alkylCOaH; 



-CLgalkylCO^^alkyl, -C0 2 C,. 



optional* containing an additional ^^7^ T** *" 
substituted by -d .alkvl and nnti^.n *u ~ * eiected from °> N or S, optionally 
represents S(0) n ; " ' ° Pt, ° na,,y the S hete ^tom is substituted by O, i.e 

15 

<ea" -up containing at 

2 groups selected from: halogen C all c 1 ^ ' S 0PtiOna " y SUbStitUted by °" 
-C(0)R<and -C(0)NR a R b - "^alkenyl, -CN, -CF 3 , -NR a R b , -C 0 .alkylOR*, 

20 ' 

R e represents hydrogen or -Chalky!; 
R f represents -C^alkyl; 

*. ^rn:r e : a 7;:e,:r;i~ :r* f c h h eterocy * — ™— - 

■ C.^lkylNR'R". 9 ' N ° r S ' !?ach of *" lc n I?, substituted by a group - 



r 
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R° and R d , together with the nitrogen atom to which they are bonded, form a 4-membered 
heterocyclic ring optionally substituted by halogen, OH or -OC^alkyl, or a 5- or 6- 
5 membered non-aromatic heterocyclic ring substituted by OH, -OC^ealkyl or 1 to 2 
halogens, with the proviso that the substituent is not attached to a ring carbon atom 
adjacent to a heteroatom; 

and pharmaceutical^ acceptable derivatives thereof. 

10 

Further aspects of the invention are: 

A pharmaceutical composition comprising a compound of the invention together 
with a pharmaceutical carrier and/or excipient. 

A compound of the invention for use in therapy. 
15 - Use of a compound of the invention for the manufacture of a medicament for the * 

treatment of a patient suffering from a condition susceptible to amelioration by a Factor Xa 
inhibitor. 

A method of treating a patient suffering from a condition susceptible to 
amelioration by a Factor Xa inhibitor comprising administering a therapeutically effective 
20 amount of a compound of the invention. 



Preferably, R 1 represents a group selected from: 




each ring of which optionally contains a further heteroatom N, 
m _ Z represents an optional substituent halogen, 
25 alk represents alkylene or alkenylene, " 

T represents S, O or NH. 

More preferably, R 1 represents a group selected from: 
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2 represents an optional substituent halogen 
alk represents alkylene or alkenylene, 
T represents S, O or NH. ' 

5 

Most preferably, R' represents a group selected 



-(C 2 ,)alk-^ 



2-3 

S 




10 2 represents an optional substituent halogen 
alk represents alkylene or alkenylene. 



Preferably, T represents an S atom. 
15 Preferably, R* represents hydrogen. 
. Preferab,y, R* and R > ind epe nden t,y repre sent hydrogen or -C, 6 a.kyl. 
Preferably, X represents phenvl or a s „, « „ u 

20 containing a. teast one heteroaLsell d ,L r M = ar0matlC heteroc >'* 9™P 
substituted by 0-2 groups selected fro^h!, ™ S ' eaCh of which is °Pion a «y 

represents, phenyi^C Tby Thato e7 Moef'^ ^ M ~ X 
substituted by a fluorine. Preferably, X represents phenyl 

* .^^sn^^T?^ tsrs he,e h rocy * 9roup * 

. CH 2 NR c R d . . . ^m.u, N or S, each of which is substituted by a group - 



( 
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More preferably, Y represents a 5 membered- aromatic heterocyclic group containing at 
least one heteroatom selected from O, N or S, substituted by a group -CH 2 NR°R d . 

5 Most preferably, Y represents imidazole substituted by a group -CH 2 NR c R d . 

Preferably, R c and R d , together with the nitrogen atom to which they are bonded, form an 
• azetidine optionally substituted by halogen, OH or -OC^alkyl, or a pyrrolidine ring with a 
substituent selected from halogen, OH or -OC^alkyl. 

10 

More preferably, R° and R d , together with the nitrogen atom to which they are bonded, 
form an azetidine ring optionally substituted by halogen, or a pyrrolidine ring with a 
substituent selected from halogen. 

15 Most preferably, together with the nitrogen atom to which they are bonded, form an 
azetidine ring optionally substituted by halogen. 

It is to be understood that the present invention covers all combinations of preferred, more 
preferred, even more preferred and most preferred groups described herein above 

20 

The compounds of formula (I) contain chiral (asymmetric) centres. The individual 
stereoisomers (enantiomers and diastereoisomers) and mixtures of these are within the 
scope of the present invention. Preferably, the stereochemistry is (S) at the 3-position on 
the 2-oxopyrrolidine ring (*). 

25 

As used herein, the term "alkyl" means both straight and branched chain saturated 
hydrocarbon groups. Examples of alkyl groups include methyl (-CH 3 ), ethyl (-C 2 H 5 ) propvl 
(-C 3 H 7 ) and butyl (-C 4 H 9 ). "f^y 

30 As used herein, the term "alkylene" means both straight and branched chain saturated 
hydrocarbon linker groups. Examples of alkylene groups include methylene (-CH 2 -), 
ethylene (-CH 2 CH 2 -) and propylene (-CH 2 CH 2 CH 2 -). 

As used herein, the term -"alkenylene" means both straight and branched chain 
35 unsaturated hydrocarbon linker groups, wherein the unsaturation is present only as 
double bonds. Examples of alkenylene groups includes ethenylene (-CH=CH-) and 
propenylene (-CH 2 -CH=CH-). 



c 
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contain** one or more heteroatoms selected Zv , ° P "° na " y SUbs,ituted rings 
The heterocycle may be aromate or non!ammI«c j T^i ^ °™ s " at °™. 

unsaturated.. Examples of 5-membered ™ ' ™* ° e Sa,urated ' P^ally or fully 
5 ttaU oxazoiy, and imidazoiy, Exal esT e^l **« «^«*C 
Wendiny,, pyrimidiny, and ^^J 1 ™-*«d groups include pyndyl. 

hexamethyieneiminyi. Certain hetenacy* gn^f! «. I , mernbered °roups include 
pyndyi and pyrim idin y, are c _„ nke(j «* "'o^'. franyl, thiazolyl, oxazolyi, 

a.g pyrrolidlnyl, imidazolyl. p iperi d yl momt', of he ™tecule. Other heterocyclic groups 
>0 linked or N-llnked ,o .he iiS^T* ^ h ~'**»* Wh* 

• As used herein, the term. «haiAn D[ ,» 
• bromine and Iodine. ^ means an *™ elected from, fluorine, chlorine. 

15 As used herein the term «^ 

su«ab,e tor phem,™ * '"^ ~ «**»• means a compound which is ' 

As used herein, the term 

Pharmaceutic^ .x^^^S^*^. a ~ a P tab ' a means any 

20 SO ' Vate * ^ « Prodrug, of a compo^d eTCu^^ °' ° r - - 

rec,p,en, is capable of providing (d ££ ^ ?' *° n ad ".ion to the 
active metabolite or residue thereof Pn^rrLd ^ C ° rnP ° Und * formula «■ or an 
are salts, solvates, esters and cartel" P p ha rt maCelJ,ICally acce P ta <* derivatives 
acceptable derivatives are salts, soTvat Tand' 1™ IT* P^maceuticaliy 
25 acceptable derivatives are salts and solvates ° S ' Preferred Pnarmaceutloally 

fomned from mineral acids such ae: hyd o c h^c h vrt T addit '° n ^ in * da 
30 «* and organic acids such as: citric Cric l» t C ' SU ' PnUnC ' P^Phorio, 

=ucc,n,o, oxalic, formic, tumeric, maleic oXol m!^ '^oroacetic 
P-toluenesulphonic, benzenesulphonic « ^1™ ? to »«* hon,e - ethanesulphonic, 
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complex with water is known as a "hydrate". Solvates of the compound of formula (I) are 
within the scope of the invention. 

Salts and solvates of compounds of formula (I) which are suitable for use in medicine are 
5 those wherein the counterion or associated solvent is pharmaceutical^ acceptable 
However, salts and solvates having non-pharmaceutically acceptable counterions or 
associated solvents are within the scope of the present invention, for example, for use as 
intermediates in the preparation of other compounds of formula (I) . and their 
pharmaceutical^ acceptable salts and solvates. 



As used herein, the term "prodrug" means a compound which is converted within the 
body, e.g. by hydrolysis in the blood, into its active form that has medical effects 
Pharmaceutical!/ acceptable prodrugs are described in T. Higuchi and V. Stella, Prodrugs 
as Novel Delivery Systems, Vol. 14 of the A.C.S. Symposium Series, Edward B Roche 
15 ed., B.orevers.ble Carriers in Drug Design, American Pharmaceutical Association and 
Pergamon Press, 1987, and in D. Fleisher, S. Ramon and H. Barbra "Improved oral drug 
delivery: solubility limitations overcome by the use of prodrugs", Advanced Drug Delivery 
Reviews (1996) 19(2) 1 15-130, each of which are incorporated herein by reference. 

20 Prodrugs are any covalently bonded carriers that release a compound of structure (I) in 
v.vo when such prodrug is administered to a patient. Prodrugs are generally prepared by 
mod.fy.ng functional groups in a way such that the modification is cleaved either by 
routine manipulation or in vivo, yielding the parent compound. Prodrugs include for 
example, compounds of this invention wherein hydroxy! or amine groups are bonded to 

25 any group that, when administered to a' patient, cleaves to form the hydroxy! or amine 
groups. 



30 



35 



Esters may be active in their own right and/or be hydrolysable under in vivo conditions in 
the human body. Suitable pharmaceutical acceptable in vivo hydrolysable ester groups 
include those which break down readily in the human body to leave the parent acid or its 
salt. An ester may be formed at a carboxylic acid (-COOH) group or a hydroxyl (-OH) 
group, by methods well known in the art involving reaction with the corresponding alcohol 
acd, acd chloride, anhydride, or amide. Preferred esters are C^alkyl esters, e.g. methyl 
esters, ethyK esters, and the like. 

Preferred compounds of the invention include: 

(1 E)-A/-(1 -{4-[2-(1 -Azetidinylmethyl)-1 H-imidazol-1 -yl]-2-fluorophenyl}-2-oxo-3- 
pyrrolidinyl)-2-(5-chloro-2-thienyl)-1-propene-1 -sulfonamide; 
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chloro-2-thienyl)ethanesulfonam^ 

5 ( fc h2-(5-Chloro-2-thienyl)-/V-ri-(2-fluora-4 (9 iyc „ 
(1E)-2-(5-Ch!oro-2-thienyl)-AM1-(2-fluora 4 „ „ ' 
6^htom-M[1 (2-fluo^2 ° 7" Pr ° Pene - 1 - SlJI,0namide .- and 

» ^^^^ -^^=r 

The compounds of formula (I) are Factor y= !. k v, 

treatment of clinioal condmors LsoepTOe 0 ^ , T ™ SU ° h are use,ul * *• 
W**r. Such conditions , ndud * 1^1^ ^ admlniStrat '° n °' 3 Fa0,Or Xa 
20 syndromes (for example primary and seLT SUCh aS acu,e <>°™*Y 

unstable angina and treatme^oTproThZtT PreVenti ° n 0f m ^ dial '^rotlon and 
infarotion or heart failure,, T ^ myocardial 

thrombolytio therapy and peroutn 't " ' , " C '° SUre associated *«h 

transient i sohem i oa4oKs,puTmo„~o rrd U an9 '° PlaSty < PTCA ). 

25 occlusion, prevention of vLTl TlT n * m '- T ^ mromb °* ]s - Peripheral arterial 

mromboembolio events JS£^ n 2T!L£? ,n0,,,) ' *" ™ ° f 
thrombosis and oomplioations in patient OP ! , e ' 9 ' Stroke l ln Preventing 

venous mrombosls and paUnteC y / redia P°-° .0 arterial thrombosis or 

thnombosis (e.g. type 2 diabefey * 6 TJZ ^ d ' Saase - ass °<**ed predisposition to 

30 tumour metastasis- InflammaS ' ami ™h n,of P ul ^ry fibrosis; the treatment of 
Parkinson's and AU^nJ^J^^^^^"^ disaaaa as 
syndrome; endothelial dyefunoBon as anfi c , T 8 * n *"~ i Haemol *'° "emic 
' example, dialysis. b.«>d fiLC lasVan^loori ^^ai blood in for 

Invasive devioes suoh as prostheses artifi^ ! ^ "T* and in the of 

35 thrombus formation. ' aal ValVes and cathe ters in reducing the risk of 



. P denvat,ve thereof for use ir; medioal therapy, particularly for 
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use in the amelioration of a clinical condition in a mammal, including a human, for which a 
Factor Xa inhibitor is indicated. 

In another aspect, the invention provides a method for the treatment and/or prophylaxis of 
5 a mammal, including a human, suffering from a condition susceptible to amelioration by a 
Factor Xa inhibitor which method comprises administering to the subject an effective 
amount of a compound of "formula (I) or a pharmaceutical^ acceptable derivative thereof. 

In another aspect, the present invention provides the use of a compound of formula (I) or 
10 a pharmaceutical^ acceptable derivative thereof, for the manufacture of a medicament for 
the treatment and/or prophylaxis of a condition susceptible to amelioration by a Factor Xa 
inhibitor. - 

Preferably, the condition susceptible to amelioration by a Factor Xa inhibitor is selected 
15 from treatment of acute vascular diseases such as acute coronary syndromes (for 
example primary and secondary prevention of myocardial infarction and unstable angina 
and treatment of prothrombotic sequalae associated with myocardial infarction or heart 
failure), thromboembolism, acute vessel closure associated with thrombolytic therapy and 
percutaneous transluminal coronary angioplasty, transient ischemic attacks, pulmonary 
20 embolism, deep vein thrombosis, peripheral arterial occlusion, prevention of vessel 
luminal narrowing (restenosis), and the prevention of thromboembolic events associated 
with atrial fibrillation, e.g. stroke. 

More preferably, the condition susceptible to amelioration by a Factor Xa inhibitor is 
25 selected from acute coronary syndromes (for example primary and secondary prevention 
of myocardial infarction and unstable angina and treatment of prothrombotic sequalae 
associated with myocardial infarction or heart failure), pulmonary embolism, deep vein 
thrombosis and the prevention of thromboembolic events associated with atrial fibrillation, 
e.g. stroke. 

30 

It will be appreciated that reference to treatment includes acute treatment or prophylaxis 
as well as the alleviation of established symptoms. 

While it is possible that, for use In therapy,- a compound of the present invention may.be 
35 administered as the raw chemical, it is preferable to present the active ingredient as a 
pharmaceutical formulation. 

In a further aspect, the invention provides a pharmaceutical composition comprising at 
least one compound of formula (I) or a pharmaceutical^ acceptable derivative thereof in 



c 
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of ft. fomnuiatlon and no, deleterious to IM^m EE"* "* "* *" 
5 Acoordingly, the present , 

comprising a, teas, ona compound of ZiZ m Z f armaceutteal 'ormulation 
derivative thereof, in association with »T 3 P hamac eutically aoceptable 

excipient. The carrier and/or exciptem LTT^ ^ aCCeP,at " e «-*r 
compatible w«h the other IngLS L f ?. aCCeptable- •» «nse of being 
10 thereof. . 9 ed ' entS ° f 4,16 f °™ula«,on and no, deieterious to the recipient 

derivative thereof in associate ^ with a Ih 0> " ' phamace "«oally acceptable 
15 oxdplan, for use in therapy, and°n part cuLnrrf 03 ' 1 ' ^ ^ 

spring from a ^L^TZ^ZTZTZZ^ ~ 

coZsi^^ 

20 pharmaceutic^ acceptable de^va here! f °Z ° f formUla (l) ° r a 

acceptable carrier and/or excipien, ' ° 9ethar Wlth a Pharmaceutical^ 

b T uLT~ra ^T^oarraror^rT r n, ' 0n ™ y bS '™ d * «* 
* -—nbyinha^or,^ 

— , tzrz sres p xrr - - - - « - 

acceptable excipients such as b ndfng ^ZT f """" * l *" n "«*^ 
30 polyvinylpyrrolidone or hydroxyprTvi T*h, ( ?,' pre9elatlniae ° maize starch, 
microcrystalline cellulose or SSL me8 *cell U |ose) ; "Iters (e.g. taotose, 
staarata, talc or silica,; C^^T' ***** (e ' 9 ' 
watting agents (e.g. sodium lauryl au,pha,e,^he £T °' 9lyc °" atl * <* 

Known in the art. Liquid preparations for o Z „ ™ y °° ated by me,hods "ell 
35 axample. solutions, syrups or suspension ^ adm ' nis,ratto " ™W 'aka ,ha form of. for 
consmution „nh ^ or other slTvld-L™ 1 ' T"* d " 3 *» PmdUat for 
ba prepared by convenfonal means with ^ " qU ' d pre P arati °" s may 

. suspending agents (e.g. JlSp iT ^ a ° CeP,ab ' e add '" Vas ^ aa 
' ****** agents (a^eoi^ " adible fats); 

, „ 1 ,P ,, ec,tn,n or ac aoia), nonaqueous, vehicles (e.g. almond oil, oily 
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esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e.g. methyl or 
propyl-p-hydroxybenzoates or sorbic acid). The preparations may also contain buffer 
salts, flavouring, colouring and sweetening agents as appropriate. 

5 Preparations for oral administration may be suitably formulated to give controlled release 
of the active compound. 

For buccal administration the compositions may take the form of tablets or lozenges 
formulated in a conventional manner. 

10 

The compounds according to the present invention may be formulated for parenteral 
administration by injection, e.g. by bolus injection or continuous infusion. Formulations for 
injection may be presented in unit dosage form, e.g. in ampoules or in multi-dose 
containers, with an added preservative. The compositions may take such forms as 
15 suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain 
formulatory agents such as suspending, stabilising and/or dispersing agents. Alternatively, 
the active ingredient may be in powder form for constitution with a suitable vehicle, e.g. 
sterile pyrogen-free water, before use. 

20 The compounds according to the present invention may be formulated for topical 
administration by insufflation and inhalation. Examples of types of preparation for topical 
administration include sprays and aerosols for use in an inhaler or insufflator. 

Powders for external application may be formed with the aid of any suitable powder base, 
25 for example, lactose, talc or starch. Spray compositions may be formulated as aqueous 
solutions or suspensions or as aerosols delivered from pressurised packs, such as 
metered dose inhalers, with the use of a suitable propellant. 

The compounds according to the present invention may also be formulated in rectal 
30 compositions such as suppositories or retention enemas, e.g. containing conventional 
suppository bases such as cocoa butter or other glycerides. 

In addition to the formulations described previously, the compounds may also be 
'formulated as a depot preparation/ Such long acting formulations may be administered by 
35 implantation (for example subcutaneously, transcutaneously or intramuscularly) or by 
intramuscular injection. Thus, for example, the compounds according to the present 
invention may be formulated with suitable polymeric or hydrophobic materials (for 
example as an emulsion in an acceptable oil) or ion exchange resins or as sparingly 
soluble derivatives, for example, as a sparingly soluble salt. 
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A proposed dose of the compounds according *^ 

to a human (of approximately 70k boTw 9h« t^ZT^Tlr admWs,rati °" 
of the active inaredient ~>r ,,„» ' 1mfl to 1g ' P refera bly 1mg to SOOmg 

5 may be ^hXTZ^TZIT " * ^ The " hit d °~ 

route of admW^^ZTLi^^.T ^ ^ *" "* dePSnd °" ,he 
variations to the do^ aZZ^T^ ™ y ° S neCSSSary t0 make routlr » 

severity of ihe cS^St^^lT T °' Pa,fen, " We " aS ' he 
administration. The precise dosf^ri ~ T , T """ a ' S ° d6pend on the route <* 
to ~nof, h ear t enS;C:i a nrvrn a :an adm ' niStra,ton ta " 

compound of formula (I) or a oharm^ „ P ' 3 comblna,to " comprising a 

15 a further therapeutic agent PharmaCeU " Ca " y acce P ,abte "Native thereof together with 

differ from that J^ £Z££?T? T* ** *" " "* C ° mp ° und ™* 
20 appreciated by those sklledTthe rt 71^ be ^ 

compound of the invention ren 11h , appreciated that the amount of a 

condition being freated an^ he ale ri T " (reatment Vaf > wi,h lbe nature of the 
at the discretion ^ e aC„ „ C ° nd '" 0n °' ** Pa " 6nt and wl » be ulti ™tely 

invention may *£T£££rZZT*^ ^ ° f tba ~ 

25 inhibitors, thromboxane reteTta ^ , an " thrombotic *"S* (such as thrombin 
• ™ b ~ogeZ^^ 

recaps anZnirr C f / N? P S enS ' n ^, T" 9 M * to ™- 
30 inhibitors, aldosterone ^blockers, ^ ^ ° hannel bl °<* ers . p <* 

H«^^^^t^~ir~ a9en,s (such - 

35 combination as deflneTaC toolbar J*""" 0 "*-' Nations comprising a 
excip,entcomprise r^rther a a Soft \ phamaceu ^ acceptable carrier or 
combinations may be admWs ere e ther L T ind ' VidUa ' C ° mp ° nen,s ° f sucb 
combined ^^^7^^^°^ * *~ <* 
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When administration is sequential, either the Factor Xa inhibitor or the second therapeutic 
agent may be administered first. When administration is simultaneous, the combination 
may be administered either in the same or different pharmaceutical composition. 

5 When combined in the same formulation it will be appreciated that the two compounds 
must be stable and compatible with each other and the other components of the 
formulation. When formulated separately they may be provided in m any convenient 
• formulation, conveniently in such manner as are known for such compounds in the art. 

10 The compounds of formula (I) and pharmaceutically acceptable derivatives thereof may 
be prepared by the processes described hereinafter, said processes constituting a further 
aspect of the invention. In the following description, the groups are as defined above for 
compounds of formula (I) unless otherwise stated. 



15 According to a further aspect of the present invention, there is provided a process (A) for 
preparing a compound of formula (I) which comprises of reacting a compound of formula 
(II) or an acid addition salt thereof with a compound of formula (III) where V is a suitable 
leaving group, such as a halide, preferably chloride. When the free base of a compound 
of formula (II) is used, the reaction is conveniently carried out in the presence of a base, 

20 e.g. pyridine, and in a suitable solvent, e.g. acetonitrile (MeCN), suitably at 0°C to room 
temperature. When the acid addition salt of a compound of formula (II) is used, the 
reaction is conveniently carried out in the presence of a base, e.g. N,N- 
diisopropylethylamine (DIPEA), and in a suitable solvent, e.g. acetonitrile (MeCN), suitably 
at 0°C to room temperature. 




If X-Y contains a group reactive to compounds of formula (III), such groups may be 
protected prior to reaction of a compound of formula (II) with a compound of formula (III) 
using methods well known in the art and such protecting groups removed under standard 



c 
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conditions to provide compounds of formula (I) after completion of the reaction of * 
compound of formula (II) with a compound of formula (III). . * " 

SZZSiS oZc (,,,) 7 kn ° Wn C ° mP0UndS " ^ be Pr6 ^ ared * m ^ods known 
in me literature or processes known to those skilled in the art. 

Compounds of formula (I.) may be prepared from compounds of formula (IV): 




(IV) 



~™L P 9r ° UP bE effeCted U " der ac * cond,«on using S 

ZXJ^T™^ 0 3 S0 ' Vent SUCh 35 di ^'~ane (DCM) suitably Z 



15 



room temperature. 




20 



(V) 



C 2 Y (VI) 



iTr^ C ? rS SUitab ' e COUP ' ing 9rOUpS ' e "9- when bon ded to a ring carbon atom C 1 
when directly bonded to a heteroatom of Y. A suitable metal catalyst inciude* palladium(O) 
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or a salt thereof in the presence of a ligand, e.g., triphenylphosphine and a base, e.g., 
sodium carbonate, and optionally with a suitable co-solvent, e.g., water, suitably at 
temperature range from room temperature to 150 °C. For example, when C 1 is B(OH) 2 
and C 2 is a bromide, coupling of compounds of formula (V) with compounds of formula 
5 (VI) can be effected with tetrakis(triphenylphosphine)palladium(0) in the presence of 
sodium carbonate in aqueous tetrahydrofuran at 75 °C. 

It will be appreciated by persons skilled in the art that certain combinations of coupling 
groups C 1 and C 2 in compounds of formula (V) and (VI) and metal catalysts are preferred. 
10 Examples of these can be found in Smith, M.B. and March, J., Advanced Organic 
Chemistry, 5 th Eclition 2001, John Wiley & Sons. Furthermore, persons skilled in the art 
will also appreciated that coupling groups, C 1 and C 2 , in compounds of formula (V) and 
(VI) may be interconverted using known methods. 

15 Alternatively, when C 2 is a hydrogen directly bonded to a heteroatom of Y, compounds of 
* formula (IV) may be prepared by metal-catalysed coupling of a compound of formula (VI) 
with a compound of formula (V) where C 1 is a suitable coupling group, e.g. halide 
preferably iodide, P 1 is as defined above. Suitable metal catalysts include palladium(O) or 
a salt thereof in the presence of a suitable ligand, e.g. tri-o-tolylphosphine ,or a copper 

20 salt e.g. copper (I) iodide in the presence of a suitable ligand, e.g. 8-hydroxyquinoline or 
N.N'-dimethylethylene-l^-diamine, in the presence of a solvent, e.g. DMSO, and a base, 
e.g., sodium ferf-butoxide or potassium carbonate, and optionally with a suitable co- 
solvent, e.g. triethylamine, suitably at temperature range from room temperature to 150 
°C. For example, when C 1 is iodide, coupling "of compounds of formula (V) with 

25 compounds of formula (VI) can be effected with copper (I) iodide and a ligand, e.g. 8- 
hydroxyquinoline or N,N'-dimethylethylene-1,2-diamine, in the presence of a base, e.g. 
potassium carbonate, in a suitable solvent, e.g. dimethyl sulphoxide (DMSO), suitably at 
elevated temperature, preferably 70-1 50°C, more preferably 100-130°C. 

30 Compounds of formula (VI) are known compounds or may be prepared by methods 
known in the literature or processes known to those skilled in the art. 

Compounds of formula (V) may be prepared from compounds of formula (VII): 



c 
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H 






J 

HN 
1 


C: 

o 


I 




C 1 





(VII) 



by cyclisation where C represents a group as defined above and L 1 represents a suitable 

(tetrahydrofuran), suitably at room temperature. ' 9 ' THF 

10 It will be appreciated by persons skilled in the art that compounds of formula fVIH mav h* 

compounds of formula (VII) where L 1 is OH m LL ^ precursors. For .nstance, 
A/in ™eo~ • u ' may be inverted into compounds of formula 

(VII) possessing a ternat ve substituente at i i « « ^ . ~ + „. rormuia 

* 

20 Compounds of formula (VII) where L 1 * hwH^v^i ~ 

compound of formula (VIM) ^T^o^TnZ^ * ^ * 3 




(VIII) 



NHL 



(IX) 
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wherein P 1 is a suitable protecting group as described above. The reaction is 
conveniently carried out by addition of a suitable activating agent, e.g. trimethylaluminium, 
to compounds of formula (IX) in a suitable solvent e.g. DCM, under an inert atmosphere,' 
e.g. nitrogen, suitably "at room temperature followed by addition of a compounds of 
5 formula (IX) in a compatible solvent e.g. DCM. 

Compounds of formula (IX) are known compounds or may be prepared by methods 
known in the literature or processes known to those skilled in the art. 

10 Compounds of formula (VIII) may be prepared from compounds of formula (X) where HA 
is a suitable acid, e.g. hydrochloric acid, using methods well known to those skilled in the 
art. See, for example, "Protective groups in organic synthesis" by T.W. Greene and 
P.G.M. Wuts (John Wiley & sons 1991) or "Protecting Groups" by P.J. Kocienski (Georg 
Thieme Verlag 1994). 



15 



20 




NH 2 .HA 

(X) 



Compounds of formula (X) are known compounds or may be prepared by methods known 
in the literature or processes known to those skilled in the art. 

There is provided a further process (B) for preparing compounds of formula (I) where R 2 is 
a substituent other than hydrogen, which comprises reacting a compound of formula (I) 
where R 2 is hydrogen with a compound of formula (XI): 



25 



R 2 -— T (XI) 

where R 2 is other than hydrogen and T is a' suitable leaving group such as that derived 
30 from a hydroxyl group or a halide, e.g. bromide. When T is halide, the reaction is effected 
in a suitable organic solvent, e.g. THF or DMFT in the presence .of a base, e.g. LiHMDS- 
(lithium hexamethyldisilylamide), potassium carbonate or sodium carbonate, at a 
temperature range from -78°C to +50°C, preferably -78°C to room temperature. When T 
is a hydroxyl group, the reaction is effected under Mitsunobu conditions (for examples see 
35 Hughes, David L. Progress in the Mitsunobu reaction. A review. Organic Preparations 
and Procedures International (1996), 28(2), 127-64.). For example, the reaction may be 
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T^T I ' °' COmpounds of f °™ ula (') where R 2 represents H with an aryl or 

alkyl phosphine e.g., triphenylphosphine, optionally bound to polymer-support, and an 

THf IS r ** ^"W-odicarboxylate, ,n a suitable 0 ,ven,. e.g 

THF (tet ahydrofuran), followed by addition of a compound of formula (XI) where T 
5 represents OH, optionally In a suitable solvent, e.g. THF, suitably a, room temperate 

When X-Y contains a group reactiye to compounds of formula (XI), such groups may be 
protected pnor to the reaction using methods well known in the art and such preying 
groups removed under standard conditions to provide compounds of formula fl>E? 

formula (I) where R ,s hydrogen with a compound of formula (XI). 

Compounds of formula (XI) are known compounds or may be prepared by methods 
^ known ,n the Merature or processes known to those skilled in the art 

TIT/T 6 ; " W "' appreciated that the s "ostituent R 2 , other than hydrogen, may be 
introduced at venous intermediate stages by methods well known to those skilled in the 

20 It will be appreciated by those skilled in the art that compounds of formula (I) or a solvate 

E£T syn,hesl2ed from approprla,e intermadiates * ia •* i*T ^ 

25 I?*"f I" * 6 art f Wi " aPPreda,e ,ha ' the PWtton °f the compound of formula 
25 (I) or a solvate thereof it may be necessary and/or desirable to protect one or more 
sensflve groups in the molecule or the appropriate intermediate to prevent undesireb e 
s,de reacsons. Suitable protecting groups for use according to the present invenSon are 

Sm D r. n p r Sk '" ed *" ^ aPd may be USdd in a ««' manner.Tee," 
,„ «n T ' ve Qroups in organic synthesis" by T.W. Greene and P.G.M Wuts (John 

1994). Examples of surtable amino prelecting groups include acyl type protecting groups 
(e.g. onmyl, Wfluoroacetyl, acetyl), aromatic urethane type protecting greups (eg 
benzyloxycarbony, (Cb Z , and substituted Cbz), aliphatic urethane protecting glps eg' 
9-fluorenylmethoxycarbonyl (Fmoc), t-butyloxycarbonyl (Boo), isopropy,oxyca r bo ny l' 

32 ° r^T 3 " yl> and a ' kyl ° r aralky ' <«» prote *9 groups (Ig belyT tZ 
chlorotnty,,. Examples of suitable hydroxy, protecting groups may include forfait 

,«Z!ri y 9r0UP :' "* 38 WmethylS " yl ° r 'ort-buVd,me,hylsilyl; alkyl ethers suc7as 
. etrehydropyranyl « ^ or esters such , as acetate. Examples of oarboxylio add 
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protecting groups may include for example aralkyl groups, e.g. benzyl, or alkyl groups, 
e.g. t-butyl. 

Various intermediate compounds used in the above-mentioned process, including but not 
5 limited to certain compounds of formulae (II), (IV) and (V) are novel and accordingly 
constitute a further aspect of the present invention. 

The present invention will now be further illustrated by the accompanying examples which 
should not be construed as limiting the scope of the invention in any way. 
10- • 
■ All publications,. including but not limited to patents and. patent applications, cited in this 
specification are herein incorporated by reference as if each individual publication were 
specifically and individually indicated to be incorporated by reference herein as though 
fully set forth. 
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Examples 



Abbreviations 



5 THF 


Tetrahydrofuran 


DCM 


Dichloromethane 


CBZ 


carbobenzyloxy 


m 


multiplet 


. q 


quartet 


10 s 


singlet 


t 


triplet 


d 


• doublet ' 


dd 


double doublet 



15 Intermediate 1 

0 ^ 



.(2-fluoro-4-iodobhenvM am in 0 icarbQn V n-3-hvdroxvnrnpyl)- 



1.1 -Dimethy l^ 
carbamate 

?n tTH°, n ° f 2 - fluor °- 4 - iodoanili n^ (7-1 19) in anhydrous DCM (40ml) under N 2 at 0°C was 
20 .ated drop„ h tnmet hy ,a.uminium (2N in heptane; 15 m.). Thi mixture was a Wd 

L^L^sSfT 3 h S °J " ° f 1 ' 1 - dimeth ^ h y' [(3S)-2-oxotetrahydro-3- 
furany I carbamate (5.03g), m anhydrous DCM (35ml), was added dropwise. The reaction 

w, 3 Tlu r t0 t6mPeratUre and Stirred for 18h ^ nch ng 

05 nonmn TTJ ltnC 3Cid (1 ° m,) - SatUrated ac > ue ° us P*assium sodium tarJte 
averT ^ ^ ^ f °" OWed by Separati0n ° f the and aqu^us 

Z7Jt^™ c [Tr: dried (over magnesium su,phate) and 

reduced pressure. The res.due was purified using Biotage™ chromatography (silica 
elutng w h C y dohexane:ethy| acetate tQ affofd ^ 9 S 2 J^ 

- se P^biem l xture(c.1:2)ofthestarting.materialandthem^^ 
30 Mass spectrum: Found: MH + 439 biyunu vo.oog;. 

Intermediate 9 



r 
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1,1-Dimethvlethvl rf3S V1-(2-fluoro-4-iodoDhenvl)-2-oxo-3-Dvrrolidinvncarbamate 
To a solution of crude Intermediate 1 (5.55g) and tri-n-butylphosphine (3.49ml) in 
anhydrous THF (100ml) under N 2 at 0°C was added solid 1,1'-(azodicarbonyl)-dipiperidine 
5 (3.53g). The solution was allowed to warm to ambient temperature and stirred for 18h. 
The mixture was then diluted with cyclohexane (100ml) and the precipitate filtered off. The 
filtrate was then concentrated under reduced pressure and the residue purified using 
Biotage™ chromatography (silica, eluting with cyclohexane:ethyl acetate 2:1) to give the 
tjtjecompound (2.93g) as a white solid. 
10 Mass spectrum: Found: MH + 421 

Intermediate 3 




1,1-Dimethvlethvl (1-f4-f2-(1-az etidinvlmethvn-1H-imidazol-1-vn-2-fluorophenvlV2-oxQ-3- 

15 pvrrolidinvOcarbamate 

A suspension of Intermediate 2 (2g), Intermediate 5 (0.71 3g) anhydrous potassium 
carbonate (0.704g), 8-hydroxyquinoline (0.044g) in anhydrous dimethylsulphoxide (4.8ml) 
was stirred under nitrogen at ambient temperature. Copper (I) iodide (0.044g) was added 
and the reaction mixture was heated to 120°C and stirred for 22h. The reaction mixture 

20 was cooled to ambient temperature. 17% Aqueous ammonium hydroxide was added and 
the mixture was stirred for 1h. The reaction mixture was extracted with ethyl acetate. The 
combined organic layers were washed with 17% aqueous ammonium hydroxide, dried 
(over magnesium sulphate), filtered and concentrated under reduced pressure. The 
residue was purified using SPE (silica, eluting with DCM, diethyl ether, ethyl acetate and 

25 methanol) to give the title compound (0.467g) as a beige foam-like solid. 
Mass spectrum; Round: MH + 430 _ 



Intermediate 4 
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6m ™ if T*"' anhy<Jr ° US DCM <6ml) and W^oroaoetic acid 
. Mass spectrum: Found: MH* 330 



10 Intermediate 5 




,2-(1-Azetidinvlmethyl)-iAV-imiH Q ^| r 
15 To a mixture of 2-imidazolecarboxaldehyde (3.0g) and azetidine hydrochloride r3 21al in 

Gas Chromatograph Mass spectrum: Found: MH + 138 



Intermediate fi 

25 S 

2-( , 2-Bromneth Y l)-^ hlorothir>p hen 0 
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1 H NMR in CDCI 3 : 83.27 (2H, t, J 8 Hz), 3.53 (2H, t, J 8 Hz), 6.66 (1 H, d, J 4 Hz), 6.76 (1 H 
d,J4Hz).. 

* Schick et al., J.Amer. Chem. Soc, 70, 1948, 1646. 

5 

Intermediate 7 

4 

o 

2-(5-Chlor o-2-thienvl'>ethanesulf6nvl chloride 

To a stirred solution of Intermediate 6 (14g) in acetone (125ml) was added an aqueous 
. 10 solution of sodium sulphite (10.5g in 1_25ml of water). The reaction was heated at reflux for 
18h then concentrated to yield a pink solid, which was dried under vacuum at 50°C for 
18h. A suspension of the salt in phosphorus oxychloride (90ml) was heated at 150°C for 
2.5h. The reaction was concentrated and DCM and water added to the resultant residue. 
The organic portion was collected, concentrated and the resultant oil purified by flash 
15 column chromatography (silica, eluting with petroleum ethertoluene 7:3) to give the title 
compound (12.47g) as a brown oil. 

1 H NMR in CDCI 3 : 53.70 (2H, m), 3.22 (2H, m), 6.72 (1H, d, J 4 Hz), 6.79 (1H, d, J 4Hz) . 
Intermediate 8 

20 0 HO 

Ethyl 2-(5-chloro-2-thi envn-2-hvdroxv-1 -propanesulfonate 

A solution of ethyl methanesulphonate (4.97g) in THF (20ml) was added dropwise to a 
solution of lithium hexamethyldisilylamide (42.0 ml of 1M solution in THF plus 20ml of 
THF) at -78°C under nitrogen, and the solution was stirred for 30min. A solution of 2- 

25 acetyl-5-chlorothiophene (6.75g) in THF (70ml) was added to this over 15min and the 
temperature maintained at -78°C for 90min. The reaction was quenched with saturated 
aqueous ammonium chloride and the mixture extracted with ethyl acetate. The combined 
organic fractions were washed with brine; dried (over magnesium sulphate) and 
concentrated under reduced pressure to afford a crude oil that was purified by Biotage™ 

30 chromatography (silica, .eluting with ether-cyclohexane 1:3) to give the title compound 
(10.9g) as a colourless oil. 

1 H NMR (CDCI3): 56.79(1H, d), 6.73(1H, d), 4.26(2H, m), 4.14(1H, s), 3.32(1H d) 
3.52(1 H, d), 1 .8(3H, s), 1 .36(3H, t) . 
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Intermediate 9 



6 ■ 5 



Ethyl (1 a-2-r5-chloro-2-thi envlV1-pmnfine-1 -sulfonate 

A solution of Intermediate 8 (10.9g) in DCM (300 ml) was cooled to 0°C under nitrogen to 
5 wh.ch was added methanesulphonic acid (15.0ml) in a dropwise fashion. After stirring for 
90mm, saturated aqueous sodium bicarbonate was added, followed by water and brine 
The layers were separated and the aqueous layer back extracted with DCM; the organic 
fractions were combined, washed with brine and dried (over magnesium sulphate) and 
concentrated under reduced pressure. The crude mixture was purified using Biotage™ 
10 chromatography (silica, eluting chloroform and 15% re/f-butylmethyl ether in cyclohexane) 
to give the title compound (2.9g) as a white crystalline solid 

1 H NMR (CDCI 3 ): 57.16(1H, d), 6.92(1 H, d), 6.47(1H, d) 4.26(2H, q), 2.50(3H, d), 1.42 
(3H,t). 

15 Intermediate 10 

(1 E)-2-(5-Chloro-?-thienvn-1 -nmn ene-1 -sulfony l rhinriHo 

Tetrabutylammonium iodide (4.03g) was added to a solution of Intermediate 9 (2 9g) in 
acetone (180ml) under nitrogen and the solution heated under reflux for 17h. The solution 

20 was cooled and concentrated under reduced pressure to produce a yellow-brown solid 
Th,s was sfcrred in phosphorus oxychloride (30ml) at room temperature for 3 5h after 
wh.ch the volatiles were removed under reduced pressure and the. residue co-evaporated 
twice with toluene. The residue was purified using Biotage™ chromatography (silica 
eluting with, cyclohexane and cyclohexane:diethyl ether 1:1) to give the title compound 

25 (2.1g) as a yellow crystalline solid. 

1 H NMR (CDCI 3 ): 57.31 (1H, d), 6.99(1 H, d), 6.96(1 H, q), 2.64(3H, d) . 

Intermediate 1 1 




30 1 ■ 1 -Dimethylethyl \1 -(2-fluoro-4-(?-r(3-fluorn-i -p Y ™ii dinvnmgthvn-l H-imiH g7 nM - 
Vl)phenvn-2 -oxo-3-PvrmlidinvncarbamatA t 

The ti tle, compound was- prepared from Intermediate 2. and Intermediate 13 using the 
synthetic procedure described for Intermediate 3. ; ' 
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Mass spectrum: Found: MH + 462 
H.p.l.c. Rt2.19min 



5 Intermediate 1? 




3-Amino-1-(2-fluoro-4^?4r3-fluoro-1-nvrr olidi n vl^m e thvn-lH-imidazQl-1-v|> P henvn-2- 
pyrrolidinone 

The title compound , was prepared from Intermediate 11 by treatment with hydrogen 
10 chloride in methanol using the synthetic procedure described for Intermediate 4. 
Mass spectrum: Found: MH + 362 



Intermediate 13 



15 




o- 



2-K3-Fluoro-1 -nyrrn |jdinvnmethyn-1 H-imidaznle 

The title compound was prepared from 2-imidazolecarboxaldehyde and 3-fluoropyrrolidine 
hydrochloride using the synthetic procedure described for Intermediate 5. 
20 Gas Chromatography Mass spectrum: Found: MH + 170 



Example 1 



EgJiiiiSiici^^ 

25 3-pyrrolidinvlV2-(5-chloro- 2-thienvn-1 -nrppene-1 -sulfonamide (l/l) 

Intermediate 4 (0.046g) was dissolved in anhydrous acetonitrile (1.5ml) at room 
temperature. To this solution was added pyridine (0.1ml) and Intermediate 10 (0 036g) 
The reaction mixture was stirred at room temperature for 18h and then concentrated 
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under reduced pressure. The resultant residue was purified by mass directed preparative 
h.p.l.c. to give the title compound (0.006g) as a cream solid. 
Mass spectrum: Found: MH + 550 
H.p.l.c. Rt2.47min 

5 

Example ? 

" N 0 ^OH 



CI 



Formic acid - AZ-ri^-rP-fl-azet idinvlmethyn - l ^-imida^l-l-vn -^uoronh^v^^.^.^ 

PYrrolidinvl)-2-f5-chloro-P-thi envl)ethanasi ilfonamide (1 • 1 ) 

10 The title compound was prepared from Intermediate 4 and Intermediate 7 using the 
synthetic procedure described for Example 1 . 
Mass spectrum: Found: MH + 538 
H.p.l.c. Rt2.43min 



15 Example 3 




HO 




Formic acid 



A/-((3S)-H4-r2-(1-azetidinvlmethvn-1H-imid a7 n |-i-v| 1 .2-f| UO rnnhenvlV2-oxQ- 
3-pyrrolidinvn-6-chloro-1-h PnzothioDhfinP-2-sulfonamiriP 

The t itle compound was prepared from Intermediate 4 and 6-chloro-1-benzothiophene-2- 
20 sulfonyl chloride using the synthetic procedure described for Example 1 
Mass spectrum: Found: MH + 560 
H.p.l.c. Rt2.53min 

Example 4 

.As ' 
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Formic acid - (a-2-( 5-chloro-2-thienvn-A^-ri-f2-fluoro-4-(2-r(3-fluoro-1-pvrrolidinvnmethvl1- 
1 H-imidazol-1 -vltohe nvl)-2-oxo-3-pyrrolidinvnethenesulfonamide (1:1) 
The title compound was prepared from Intermediate 12 and _(E)-2-(5-chloro-2- 
thienyl)ethenesulfonyl chloride using the synthetic procedure described for Example 1 . 
5 Mass spectrum: Found: MH + 568 
H.p.l.c. Rt2.57min 



Example 5 




10 F °rmic acid - ( 1 E)-2-(5-chloro-2-thienvl)-A/-ri -(2-fluoro-4-f2-K3-fluoro-1 - 

Pvrrolidinvnmethvn- 1Ay-imidazol-1-y|)phenvn-2-oxo-3-pvrrolidinvn-1-propene-1- 
sulfonamide (1:1) 

The title compound was prepared from Intermediate 12 and Intermediate 10 using the 
synthetic procedure described for Example 1 . 
15 Mass spectrum: Found: MH + 582 
H.p.l.c. Rt2.56min 



Example 6 




20 Formic acid - 6-chlor o-/V-ri-(2-fluoro-4-(2-r(3-fluoro-1-pvrrolidinvhmethvn-1 H-imidazol-1 - 
vl>phenvn-2-oxo- 3-pyrrolidinvn-1-benzothiophene-2-sulfonamide (1:1) 
The title compound was prepared from Intermediate 12 and 6-chloro-1-benzothiophene-2- 
sulfonyl chloride using the synthetic procedure described for Example 1 . 
Mass'spectrum: Found: MH + 592 

25 H.p.l.c. Rt2.64min 



In vitro assay for inhibition of Factor Xa 

Compounds of the present invention were tested for their Factor Xa inhibitory activity as 
determined in vitro by their ability to inhibit human Factor Xa in a fluorogenic assay, using 
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It " ' ^^^-^^'-L-arginine amide as the fluorogenic substrate 
Compounds were diluted from a 10mM stock solution in dimethylsulfoxide at appropriate 
conoentrafons. Assay was performed at room temperature using buffer consisting of 

5 Lnc OfTooosu 5 T 1 ' ^ P " 7A C ° nt3inin9 hU ™ n Factor Xa ^ 
SdLn of ih kT ^ ° mP ° Und 9nd 6n2yme Were P^incubated for 15min prior to 
add,t.o of the substrate (final cone, of 10 M M). The reaction was stopped after 3 hrs with 

It ° H - D - Phe - Pra - Ar 9- C hloromethy. ke tone. An UL-Analyst fluorimeter was 

values thZT fl ™ nCe With 485 nm exci ^on/535 nm emission. To obtain IC. 
values the data were analysed using ActivityBase® and XLfit®. 

Calculation of Ki values: 

Ki = IC5o/(1 + [Substrate]/Km) 

The Ki value for the above assay can be obtained by dividing the IC 50 value by 1 .6. 

15 2?2 e r T h f f E T P ' e C ° mpounds were **** by the above described in vitro assay 
■ 11 ?k 6Xhibit FaCt ° r Xa inhibit ° ry aCtivity - Preferab| y compounds have a Ki 

vauL° , , T (EXamP,6S 1 ' 2 ' 3> 5 ' 6) - M ° re Preferab 'y- compounds have a K 
va e o .ess h n °°:^ (Examp,es 2 « 3 - 5 - 6 )- ^st preferably, compounds have a Ki 
value of less than 10nM (Examples 1 2 3 5 6) 
20 ' ' ' 

Method for measurem ent of Prothrombin Time (PT) 

foZng assay" 1 " " * inUenti ° n MmM ^ the 

OSao/'Lr?^ int ° 3 S ° diUm dtrate SOlUti ° n (rati ° 9:1 ) to 9 ive a final concentration of 
0.38 /o ctrate P asma ,s generated by centrifugation of citrated blood samples at 1200 x 

ooo I St ° red 3t - 20 ° C Unti ' USS - PT an9 'y sis is conducted using plasma 

•pooled from 4 separate donors (2 male and 2 female). ' 



The PT test .s performed using the BCS Coagulation Analyzer (Dade Behring) For 
l^uVLl r ,o° ntainin9 ^ COmP ° Und at concentrations ranging from 0.03 to 
00 Tnf t h 7 ! °° UM St0CR C ° ntaining 1% DMSO in p,asma ) is combined with 
35 Iblh ~° P ° RUS Pade Up °n addition of the reagents 

rano fcT f " * ^ t0 dot formati °n * determined (normal 

range for human plasma is. 1 0.6-1 2.4 seconds). 
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LC/MS Method 

Analytical HPLC was conducted on a Supelcosil LCABZ+PLUS column (3um 3 3cm x 
4.6mm ID) eluting with 0.1% HC0 2 H and 0.01 M ammonium acetate in water (solvent A) 
and 95% acetonitrile and 0.05% HC0 2 H in water (solvent B), using the following elution 
gradient 0-0.7 minutes 0%B, 0.7-4.2 minutes 0-+100%B, 4.2-5.3 minutes 100%B 5 3-5 5 
minutes 100-^0%B at a flow rate of 3 ml/minutes (System 1). The mass spectra (MS) 
were recorded on a Fisons VG Platform mass spectrometer using electrospray positive 
ionisation [(ES+ve to give MH + and M(NH 4 ) + molecular ions] or electrospray negative 
lonisation [(ES-ve to give (M-H)" molecular ion] modes. 

1 H nmr spectra were recorded using a Bruker DPX 400MHz spectrometer using 
tetramethylsilane as the external standard. 

Biotage™ chromatography refers to purification carried out using equipment sold by Dyax 
15 Corporation (either the Flash 40i or Flash 150i) and cartridges pre-packed with KPSil. 

Mass directed autoprep refers to methods where the material was purified by high 
performance liquid chromatography on a HPLCABZ+ 5pm column (5cm x 10mm i d ) with 
0.1% HCO z H in water and 95% MeCN, 5% water (0.5% HC0 2 H) utilising the following 
20 gradient elution conditions: 0-1.0 minutes 5%B, 1.0-8.0 minutes 5->30%B 8 0-8 9 
minutes 30%B, 8.9-9.0 minutes 30-*95%B, 9.0-9.9 minutes 95%B, 9.9-1o" minutes 
95-0%B at a flow rate of 8ml minutes 1 (System 2). The Gilson 202-fraction collector was 
triggered by a VG Platform Mass Spectrometer on detecting the mass of interest. 

25 SPE (solid phase extraction) refers to the use of cartridges sold by International Sorbent 
Technology Ltd. 

GC/MS Method 

Analytical GCMS was conducted on a Micromass GCT with CTC Combipal injector using 
30 a 5% Phenylmethyl siloxane column (30m x 0.25mm x 0.25um). A temperature ramp of 
80°C to 320°C at 507min was used (run time 10 min), with a gas flow of helium at 
1.5ml/min (split injection 1:100) and methane as the collision gas. 
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Claims 



1. A compound of formula (I): 



R 



\ ^ 

//\\ 

o o 



X 

I 

Y 



wherein: 

R 1 represents a group selected from: 



(I) 





(C 0 . 3 )aik 





-(CoJalk- 




10 each ring of which optionally contains a further heteroatom N, 
Z represents an optional substituent halogen, 
alk represents alkylene or alkenylene, 
T represents S, O or NH; 



15 ^ represents hydrogen, -C, 6 alkyl, -C, 3 alkylCONR'R», -C^a.kylCOaC^a.kyl, -COaC, 
4 alkyl or -C^alkylCOaH; 1_ 
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lw th '"dependently represent hydrogen, -Chalky., or together with the N atom to 
which they are bonded form a 5-, 6- or 7- membered non-aromatio heterocyclic ring 
optiona ly conta.n.ng an additionai heteroatom selected from O, N or S, optionally 
substituted by -Chalky., and optionally the S heteroatom is substituted by O ie 
5 represents S(0) n ; y ' 

X represents phenyl or a 5- or 6- membered aromatic heterocyclic group containing at 
least one heteroatom selected from O, N or S, each of which is optionally substituted by 0- 

R e represents hydrogen or -C^alkyl; 
R f represents -C^alkyl; 

15 Y represents phenyl or a 5- or 6- membered aromatic heterocyclic group containing at 
c2.MNR$ raat0m S6 ' eCted fr ° m °' N ° r S ' 6aCh ° f Wh ' Ch " SUbStitUt6d * 3 W - 

20 R° and R- together with the nitrogen atom to which they are bonded, form a 4-membered 
heterocychc nng optionally substituted by halogen, OH or -0 Cl . 6 alkyl, or a 5- or 6- 
membered non-aromatic heterocyclic ring substituted by OH, -OC, 6 alkyl or 1 to 2 
halogens with the proviso that the substituent is not attached to a ring carbon atom 
adjacent to a heteroatom; 

25 

and pharmaceutical^ acceptable derivatives thereof. 
. 2. A compound according to claim 1 for use in therapy. 

30 liiH^™ 0 ** 10 * 1 C ° mp0Siti0n prising a compound according to claim 1 together 
with a pharmaceutical carrier and/or excipient. 

4. Use of a compound according to claim 1 for the manufacture of a medicament for the 
35~ thibitor 3 P SUfferin9 fr0m 3 COnditi ° n SUSCeptible to melioration by a -Factor Xa 

5. A method of treating a patient suffering from a condition susceptible to amelioration by 
a Factor Xa .nhibitor comprising administering a therapeutically effective amount of a 
compound according to claim 1. . . .... . 
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ABSTRACT 

The invention relates to compounds of formula (I): 



o o 




N O 
Y 

wherein: 

R 1 represents a group selected from: 




(I) 




-(C 0 . 3 )alk 





(C 2 ,)alk- 




10 each ring of which optionally contains a further heteroatom N 
Z represents an optional substitue.nt halogen, 

alk represents alkylene or alkenylene, 
T represents S, O or NH; 

15 *T^ST' - C '^ -C„a l M00 2 C M a,M, -C0 2 C,. 
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R and R independently represent hydrogen, -C^alkyl, or together with the N atom to 
which they are bonded form a 5-, 6- or 7- membered non-aromatic heterocyclic ring 
optionally containing an additional heteroatom selected from O, N or S, optionally 
substituted by -C M alkyl, and optionally the S heteroatom is substituted by O ie 
5 represents S(0)„; 

X represents phenyl or a 5- or 6- membered aromatic heterocyclic group containing at 
least one heteroatom selected from O, N or S, each of which is optionally substituted by 0- 
2 groups selected from: halogen, -C^alkyl, -C 2 ^alkenyl, -CN, -CF 3> -NR a R b , -C 0 ^alkylOR e 
10 -C(0)R f and -C(0)NR a R b ; 7 ' ' 

R e represents hydrogen or -C^alkyl; 
R f represents -C^alkyl; 

15 Y represents phenyl or a 5- or 6- membered aromatic heterocyclic group-containing at 
least one heteroatom selected from O, N or S, each of which is substituted by a group - 
C 1 *alkylNR c R d . 

R c and R d , together with the nitrogen atom to which they are bonded, form a 4-membered 
20 heterocyclic ring optionally substituted by halogen, OH or -OC^alkyl, or a 5- or 6- 
membered non-aromatic heterocyclic ring substituted by OH, -OC^alkyl or 1 to 2 
halogens, with the proviso that the substituent is not attached to a ring carbon atom 
adjacent to a heteroatom; 

25 and pharmaceutical^ acceptable derivatives thereof. The invention also relates to 
processes for the preparation of compounds of formula (I), pharmaceutical compositions 
containing compounds of formula (I) and to the use of compounds of formula (I) in 
medicine, particularly in the amelioration of a clinical condition for which a Factor Xa 
inhibitor is indicated. 
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